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Factors that promote invasions of Linepithema humile 
Based on the degree of invasiveness and ecosystem impact, the Argentine Ant, Li. humile 
(Mayr), is one of, if not the most important invasive ant worldwide (Holway et al. 2002a). In 
South Africa Li. humile is one of comparatively few naturalized invasive animal species 
(Deacon 1986). The ant was first reported in this country from the Cape Peninsula in 1908 
(Skaife 1962), where it is thought to have been introduced unintentionaIly in cargo, and 
subsequently spread inland and east along the coast (Skaife 1961). Likewise, worldwide 
introductions of Li. humile have followed trading routes (Majer 1994). Today, there seems to 
be one giant supercolony plus the occasional presence of a few smalIer supercolonies on each 
continent except Antarctica (Suarez et al. 2001; Holway et al. 2002a; van Wilgenburg et al. 
2010). Europe is inhabited by only two supercolonies, the larger of which ranges at least over 
6000km (Giraud et al. 2002), and Australia appears to be home for one vast supercolony 
(Suhr et al. 2009). The effective occupation of four continents by a single supercolony has 
been suggested, while the supercolony from South Africa seems to be different from this unit 
(van Wilgenburg et al. 2010). 
Linepithema humile invasions seem to be strongly affected by abiotic factors such as water 
availability and temperature. Compared to xeric-adapted native ants from coastal southern 
California, Li. humile has a higher rate of spiracular and cuticular water loss (Schilman et al. 
2005). The ant invasion expands along perennial, but retreats along seasonaIly intermittent 
watercourses (Holway 1998), and abundance of Li. humile decreases with increasing distance 
from riparian corridors (Holway 2005). Although average precipitation is a poor predictor of 
Li. humile abundance at the landscape scale (Menke et al. 2007), annual variation in 
abundance of Li. humile is correlated with winter rainfaIl at the local scale (DiGirolamo & 
Fox 2006). High annual precipitation increases the rate of invasion, and irrigation enables 
(Menke et al. 2007) or facilitates the invasion of Li. humile (Menke & Holway 2006). 
Another factor determining habitat invasibility for Li. humile is temperature. Compared to 
native ants in California (Holway et al. 2002b) and Australia (Walters & Mackay 2004), Li. 
humile is less tolerant of high temperatures. The ability to spread from mesic into dry habitats 
appears to be limited by hot and dry environments, as dominant native ants are better adapted 











superiority of Li. humile against native species is depressed under high temperatures (Thomas 
& Holway 2005). On the other hand, low temperatures probably limit the spread of Li. humile 
into natural habitat with closed canopies in New Zealand (Ward & Harris 2005) and 
minimum winter temperature is positively correlated with abundance of Li. humile (Menke et 
al. 2007). Finally, correlative models, which aim at predicting invasible areas based on 
climatic modelling, project an expanding range of Li. humile in higher latitudes in the course 
of global climate change (Roura-Pascual et al. 2004). However, insights from these models 
are limited by incorporation of only a subset of the factors determining the range of a species 
(Roura-Pascual & Suarez 2008). 
Social insects use cuticular hydrocarbon (eHC) profiles, also referred to as colony odor, to 
discriminate between nestmates and non-nestmates (d'Ettorre & Lenoir 2010), and nestmate 
recognition in Li. humile has been investigated by means of aggression bioassays. Presence of 
at least two cuticular-hydrocarbon classes is necessary to trigger aggressive behavior in Li. 
humile (Greene & Gordon 2007). eHe profile and nestmate recognition in Li. humile can be 
modified by food composition, resulting in aggressive behavior among former nestmates 
(Liang & Silverman 2000) or reduction of moderate aggressiveness between colonies 
(Buczkowski et al. 2005). In addition, social context seems to affect nestmate recognition 
(Vasquez & Silverman 2008). However, information from aggression bioassays in the 
laboratory might be of limited value for the investigation of interaction between colonies in 
the field (Roulston et al. 2003), and effects of eHe alteration on colony structures in the wild 
remain unknown (Steiner et al. 2010). 
Introduced populations of Li. humile generally show a low diversity in recognition cues. 
Although areas subjected to multiple recent introductions are inhabited by several genetically 
distinct populations (Hirata et al. 2008), areas with a long history of multiple introductions 
are dominated by one genetically identical population (Giraud et al. 2002). 
A population bottleneck in the course of introduction has been suggested as a potential reason 
for low genetic diversity and subsequent low levels of intraspecific aggression in introduced 
Li. humile populations (Tsutsui et al. 2000). On the other hand, selection against genetic 
diversity has been suggested as playing a key role in the formation of unicoloniality in 
Europe, where a history of successive introductions would make a serious bottleneck unlikely 
(Giraud et al. 2002). In contrast to earlier findings (Tsutsui & ease 2001), however, 











humile, making the size of supercolonies the only apparent difference between introduced 
and native populations (Pedersen et al. 2006; Vogel et al. 2009). 
Unicoloniality allows for nest fusion and enables workers and queens of Li. humile to mix 
freely among nests (LeBrun 2010). By contracting the colony network to limited suitable 
sites in times of abiotic stress, and expanding the network under less stressful conditions, Li. 
humile is able to make use of space in a highly opportunistic manner (Heller & Gordon 
2006). This ability of Li. humile probably evolved as an adaptation to seasonal inundation of 
the Parana-River floodplain, where native populations track resources on seasonally receding 
and appearing dry ground (LeBrun 2010). Unicoloniality enables Li. humile to build up 
supercolonies covering vast areas in introduced ranges, with individual nests being connected 
over distances of up to 50m (Heller et al. 2008a). Furthermore, in the introduced range 
seasonal patterns of expansion and contraction of colony networks in response to abiotic 
conditions (Heller et al. 2006) result in corresponding inter-annual expansion and contraction 
of the invasion front (Sanders et al. 2001; Heller et al. 2006). 
The dominance of colonies is generally increased by polydomy (Roura-Pascual & Suarez 
2008). For example, polygynous-polydomous popUlations of Formica species in general rank 
higher in the dominance hierarchy of the ant community than monogynous-monodomous 
populations of the same species (Steiner et al. 2010). Dominance of Li. humile can be 
observed at baits, which it generally monop lizes (Walters & Mackay 2003b; Rowles & 
O'Dowd 2007; Buczkowski & Bennett 2008a, b; Carpintero & Reyes-Lopez 2008). However, 
abiotic factors can prevent resource monopolization (Thomas & Holway 2005), and it has 
been suggested that Li. humile cannot achieve ecological dominance in the absence of 
honeydew resources (Addison & Samways 2000). Also, resource monopolization by Li. 
humile seems to be dependent on the lack of intraspecific aggression (Holway & Suarez 
2004) and large colony size (Walters & Mackay 2005). 
While in riparian corridors the rate of invasion by Li. humile is independent of native ant 
richness, underlining the importance of abiotic conditions for the rate of spread (Holway 
1998), in irrigated areas native ants seem to slow down the invasion of Li. humile (Menke et 
al. 2007). Likewise, competition of dominant Dolichoderinae (Iridomyrmex spp.) has been 
suggested as one reason why invasive ants do not spread easily into natural habitat in 
Australia (Majer 1994; Andersen 1997), while underrepresentation of dominant 











to Li. humile invasion (Andersen 1997). Factors causing losses of native speCIes might 
contribute to invasion of alien invasive species in urban areas (Holway & Suarez 2006). 
Impact of Li. humile on native ant and other arthropod communities 
Li. humile displaces native ant species through interference competition (Human & Gordon 
1996; Holway 1999), although predation might also playa role (Zee & Holway 2006). By 
displacing native ant species, Li. humile reduces species richness in invaded areas (Holway et 
al. 2002a; Lach & Hooper-Bui 2010). In the Fynbos, three out of five native ant species were 
displaced in the course of Li. humile invasion into study areas (Bond & Slingsby 1984). 
By displacing particular native ant species, in particular larger-bodied ants, composition of 
ant communities is altered at invaded sites, probably affecting ecosystem processes 
(DiGirolamo & Fox 2006; Walters 2006; Glenn & Holway 2008). Linepithema humile 
invasion apparently results in the alteration of co-occurrence pattern within native 
communities (Sanders et al. 2003). While segregation among ant species is the predominant 
co-occurrence pattern in native ant communities, co-occurrence structure of invaded 
communities is shifted towards aggregation. Not only does Li. humile displace epigaeic 
(ground foraging) ants, but displacement of arboreal species has also been reported 
(Carpintero et al. 2005). Lastly, the negative impact of Li. humile on species richness appears 
to be most severe in the early phases of invasion, as the number of species subsequently 
increases in time at invaded sites, although not reaching levels corresponding to non-invaded 
sites (Heller et al. 2008b). 
In addition to impacts on species richness, Li. humile invasions reduce the abundance of 
native ant species at invaded sites. At invaded sites in south-eastern Australia native epigaeic 
ants are either absent or markedly reduced in individual number (Rowles & O'Dowd 2009a), 
while in southern California abundance of native ants and Li. humile are negatively correlated 
(Holway 2005). Also, at invaded sites in the Fynbos vegetation, Li. humile individuals 
account for the largest fraction of ants sampled in pitfall traps by far (Bond & Slingsby 
1984). 
Behavioral changes of native ants in response to presence of Li. humile include decreased 
foraging (Holway & Suarez 2004; Zee & Holway 2006) or altered foraging strategy 











2006), and lowered rate of reproduction (Holway & Suarez 2004). Ecologically similar native 
ants are particularly affected with regard to behavioral changes, while alterations in 
subordinate species and those with a different temporal activity are less pronounced 
(Carpintero et al. 2007). 
Studies about effects of Li. humile invasion on non-formicid arthropod abundance yield 
mixed results, ranging from insignificant effects (Walters 2006; Rowles & O'Dowd 2009a) to 
increased numbers of crustaceans (Walters & Mackay 2003b), Psocoptera (Rowles & 
O'Dowd 2009a), and myrmecophagous Salticidae (Touyama et al. 2008), as well as depressed 
abundances of Carabidae (Liebherr & Krushelnycky 2007) at invaded sites. Most 
importantly, Li. humile invasion results in lower individual numbers of lepidopteran larvae 
(Rowles & O'Dowd 2009a). 
Impact of Li. humile on interspecific associations 
In addition to direct impacts of Li. humile on other species, a substantial record exists of its 
impact on interspecific associations. Although invasion of Li. humile does not necessarily 
translate into altered reproductive success of myrmecochorous plants (Oliveras et al. 2005), 
by displacing native ant species Li. humile invasion can impact on regeneration of 
myrmecochorous plant species (Rowles & O'Dowd 2009b). In the Fynbos vegetation, 
seedling recruitment and abundance in Mimetes cucullatus are strongly affected by Li. humile 
(Bond & Slingsby 1984). Native seed-dispersing ants such as Anoplolepis custodiens, 
Meranoplus peringueyi and Pheidole capensis quickly recover seed exposed on the soil and 
carry most to their nests where they devour the nutritive elaiosome, while Ii. humile does not 
bury seeds, moves them over much shorter distances and consumes the elaiosome on the 
surface. Seed remains more exposed in areas invaded by Li. humile, resulting in greater seed 
predation through rodents and less recruitment of myrmecochorous plants (Bond & Slingsby 
1984; Bond & Breytenbach 1985). Thus, through suppression of native ant species diversity, 
Li. humile indirectly alters plant-community composition in the Fynbos (Christian 2001). 
Attracted to various plants by floral nectar, Li. humile displaces pollinators from a wide 
taxonomic range, including Diptera (Blancafort & Gomez 2005), Formicidae (Blancafort & 
Gomez 2006), Apidae (Lach 2008a, b), Coleoptera (Lach 2007), and other taxa (Lach 2008a). 
Furthermore, Li. humile is known to alter the composition of the parasitoid community and to 











2004). In the Fynbos, formation of a new mutualism between native Membracidae and Li. 
humile enables the ant to discover inflorescences more quickly, thereby increasing the rate of 
displacement of other native arthropods from the plant (Lach 2007). In southern Europe, a 
decrease in pollinators of Euphorbia characias under Li. humile invasion resulted in reduced 
fruit and seed set (Blancafort & Gomez 2005). 
Associations between lycaenid butterflies and ants 
A well-known relationship exists between most genera of lycaenid butterflies and ants. Many 
species in the family Lycaenidae are associated with a particular species of ant (Appendix 1). 
This association is obligatory for many Lycaenidae in order to complete the life-cycle 
(Henning 1983a; Heath & Claassens 2003). It varies from one species to another and ranges 
from mutualism (Fiedler & Saam 1995) and commensalism (Pierce & Young 1986) to 
parasitism (Thomas & Wardlaw 1992; Heath & Claassens 2000). For example, in mutualistic 
associations butterfly larvae that are ant-attended while feeding may ffer nectar in exchange 
for indirect defense (Agrawal & Fordyce 2000), while parasitic butterfly larvae usually spend 
their later ontogenetic stages in the ant nest, being fed by ants through trophollaxis or feeding 
on formicid pupae or larvae (Clark & Dickson 1971; Henning 1983a; Claassens 2000). These 
lifestyle variations are generally reflected by associated anatomical adaptations. These appear 
as a dorsal nectary organ (DNO) producing a substance comparable to the honey-dew 
excreted by aphids (Clark & Dickson 1956; Malicky 1969), in form of pore cupola organs 
(PCO), small epidermal glands probably producing volatile substances attracting or pacifying 
ants (Malicky 1969; Henning 1983b), and as tentacle organs (TO), which emit volatile 
substances attracting and alerting host ants (Henning 1983b; Pierce et al. 2002). Moreover, 
widespread larval and pupal sound production in the Lycaenidae mediates ant-butterfly 
associations (Claassens 1991; DeVries 1991; Travassos & Pierce 2000; Pierce et al. 2002). 
In Australia, 39 out of 56 lycaenid butterflies that are obligatorily associated with ants have 
distributions overlapping with the invasive ant species Li. humile, P. megacephala or Ana. 
gracilipes, and one is now known to have developed an association with Li. humile (Lach & 
Thomas 2008). For the Cape Peninsula, there are reports on associations between three 
facultatively myrmecophilous lycaenids, which are mutualistically associated with native 
ants, as well as Li. humile: Anthene definita (Claassens & Dickson 1980), Lampides boeticus 











attracted by secretions that are rich in carbohydrates (Holway et al. 2002a), and laboratory 
studies indicate, that inducible nectar excretion and indirect defense through attendant ants 
stabilize ant-lycaenid mutualisms (Agrawal & Fordyce 2000). However, it is unknown if 
benefits of mutualistic ant-butterfly associations are shared to the same degree if the native 
ant is replaced by Li. humile (Lach & Thomas 2008). 
Presence of the right host ant, just like presence of the correct host plant, is often a 
fundamental factor in determining habitat suitability for lycaenid butterflies (Wynhoff et al. 
2008). Butterfly density in ant-associated Lycaenidae at the landscape-scale is correlated with 
presence and abundance of the host ant, as it depends on pupal and larval association with 
host ants at the local scale (Jordano et al. 1992). Further, host ants are used as oviposition 
cues by female Lycaenidae (Atsatt 1981; Henning 1983a; Wagner & Kurina 1997), including 
the South African genera Aloeides and Chrysoritis (Cottrell 1984), as well as Thestor 
(Williams & Joannou 1996). Laboratory experiments with European Lycaenidae indicate low 
specificity of butterfly interactions with regard to host ant (Malicky 1969), but relationships 
involving only a single host ant species are widely distributed among lycaenid subfamilies 
and include the genera Lepidochrysops and Thestor (Cottrell 1984), which are present on the 
Cape Peninsula (Appendix 1). 
There is a general lack of research on the ecological impact of invasive ants on 
myrmecophilic arthropods (Holway et al. 2002a). Li. humile has a demonstrated ability to 
depress numbers of ant genera and species which are known hosts of Cape lycaenid 
butterflies. Assessing the impact of Li. humile on the Lycaenidae will allow for evaluating the 
efficiency of protected areas in conserving lycaenid butterflies in the longer term. As lycaenid 
species are important contributors to faunal endemism of the Cape Peninsula (Claassens & 
Dickson 1980; Henning & Henning 1989), their conservation deserves highest attention. 
As many of the indirect effects of Li. humile on ecosystem processes are mediated through 
compositional changes in local ant assemblages, an assessment of the impact of Li. humile on 
native ant species is of fundamental importance for conservation of natural habitats. Given 
the high turnover rate in ant species composition on the one hand (Boonzaaier et al. 2007), 
the high complexity of abiotic factors influencing invasion success of Li. humile on the other, 
the impact of this invasive ant has to be assessed at the local level. Doing so will result in a 











Impact of the invasive ant Linepithema humile on native ant assemblages on the 
western slopes of Table Mountain and implications for ant-butterfly 
associations 
ABSTRACT 
The Argentine Ant, Linepithema humile (Hymenoptera: Formicidae), is one of the world's 
most successful invasive species and invades undisturbed Fynbos habitats in South Africa, 
displacing native arthropod species and affecting interspecific associations. In order to assess 
the impact of Li. humile on native ant assemblages and associations between ants and 
myrmecophilous butterflies (Lepidoptera: Lycaenidae) on the western slopes of Table 
Mountain (Cape Town, South Africa), adult butterfly density was scored and distribution of 
food plants were assessed at two sites. Further, ant assemblage composition was investigated 
using unbaited pitfall traps at 10 sites. Six myrmecophilous lycaenid species were observed, 
with Aloeides thyra thyra and AI. pierus being the most common. However, as adult 
butterflies aggregated far from the larval food plant (Aspalathus spp.), imagines appear to 
have dispersed from their site of emergence, rendering the abundance of imagines 
uninformative for a local-scale assessment of associations between ants and lycaenid larvae. 
Only two of 10 transects were considered invaded by Li. humile. No significant differences 
between the native ant communities of Invaded and Non-Invaded transects were observed 
regarding abundance, occurrence and species richness. Abundance of Generalized 
Myrmicinae, and abundance as well as occurrence of the lycaenid-associated ant Lepisiota 
capensis, were markedly lower in Invaded than in Non-Invaded sites, while Subordinate 
Camponotini were more abundant and occurred in more traps in Invaded transects compared 
to Non-Invaded. Bray-Curtis similarity among Invaded and Non-Invaded ant assemblages 
was low, and only one Non-Invaded ant assemblage showed a species co-occurrence pattern 
significantly different from random co-occurrence. Li. humile appears to have a weak impact 
on native ant communities, including host ants of lycaenid butterflies, compared to other 
factors within the study area. Thus it appears not to pose an immediate threat to lycaenid 
butterflies in the study area. As this snapshot study is incapable of assessing seasonal and 
inter-annual changes in the invasion front of Li. humile, present results are likely to 












Apart from direct competitive and consumptive impacts on biota, many invading species 
have the potential to disrupt species interactions, and thus indirectly impact on ecosystem 
processes, often with cascade effects. Originating from South America, the Argentine Ant, 
Linepithema humile, is one of the most successful invasive species in the world, probably due 
to its supercoloniality (formation of networks of mutually tolerant individuals in colonies 
with several queens) (Tsutsui et al. 2000) and the resulting competitive advantages against 
native ants (Holway 1999; Holway & Suarez 2004) outside its native range. Invading 
Mediterranean and temperate climatic regions worldwide, Li. humile displaces native 
epigaeic (above-ground foraging) ant species (Skaife 1962; Donnelly & Giliomee 1985; 
Ward 1987; De Kock & Giliomee 1989; Carpintero et al. 2004; Rowles & O'Dowd 2009a), 
depresses native arthropod diversity (Human & Gordon 1997), alters community structure in 
native ant assemblages (Sanders et al. 2003), and disrupts mutualisms in the South African 
Fynbos (Bond & Slingsby 1984; Christian 2001; Lach 2007). Li. humile has been present on 
the Cape Peninsula since at least 1908 (Skaife 1962). 
With 67 species permanently inhabiting the Cape Peninsula (Claassens 2000), butterflies are 
one of the key contributors to insect diversity in the region. More than half of the butterflies 
belong to the family Lycaenidae (Claassens 2000) (Appendix 1), whose conservation status 
gives rise to concern. Three out of 35 species are endemic to the Cape Peninsula, two to the 
Western Cape (Henning & Henning 1989; Claassens 2000), and three species are protected 
by law (Henning & Henning 1989). Four species have been classified as Rare, Vulnerable or 
Endangered (Henning & Henning 1989), two of which are listed as Vulnerable in the mCN 
Red List (IUCN 2010). The larvae of at least 21 out of 35 lycaenid species are 
myrmecophilous (Clark & Dickson 1971; Claassens & Dickson 1974, 1980; Claassens 2000; 
Heath & Claassens 2003), i.e. they are associated with ant species, and this is true for five out 
of six threatened species. 
For many phytophagous, phyto-predacious, and predacious larvae as well as secretion feeders 
within the Lycaenidae, an association with a particular ant species is obligatory in order to 
complete the life-cycle (Henning 1983a; Heath & Claassens 2003). Many phytophagous 
larvae need the attendance of native ants on the foodplant, while predacious larvae often 
undergo part of their development within the nest of their host ant. Myrmecophilous larvae 













The main study was undertaken on the western slopes of Table Mountain, below the Twelve 
Apostles and above Camps Bay (City of Cape Town, Western Cape Province, South Africa; 
S33°57'26" E18°23'28") (Figure 1). The study area covers an altitudinal range of2IO-310m 
above sea level. Being a part of Table Mountain National Park the study area is under 
proclaimed protection, but abuts on the urban fringe of the suburb of Camps Bay. The fynbos 
vegetation is of the North Peninsula Granite type, a fairly dense shrubland, I-2m in height 
(Holmes et al. 2008), and belongs to the Cape Floral Kingdom (Trinder-Smith 2006). The 
plant community is described as Mesic Mesotrophic Proteoid Fynbos (Mucina et al. 2005). 
Based on recent fire history the study area has an average fire return rate of less than 7.5 
years (Forsyth & van Wilgen 2008), and the study area is covered with veld that remained 









A) Veld age (years since last fire) in the study area above Camps Bay (modified from 
South African National Parks 2010). Transects 1-10 are represented by numbers 1-
10. Bold lines show the two transects for butterfly assessment. 
o urban area _ 4-6 years ~ 7-9 years ~ 22-24years m 37-39 years 
~ 43-45 years _ other veld age 
B) Footpaths within the study area above Camps Bay (modified from Stipinovich & 
Holmes 2009). 











A pilot study also included the northwestern slopes of the Lion's Head (S33°55'4S" 
E1s 0 23 '32"). The vegetation in this area is North Peninsula Granite Fynbos and Shale 
Renosterveld (Holmes et al. 200S), and is covered by vegetation aged 4-6 years (South 
African National Parks 2010). The climate of the Cape Peninsula is Mediterranean, with most 
rainfall occurring in winter. 
Data Collection 
Myrmecophilous butterfly species within the family Lycaenidae were recorded from the 
footpath along two transects (Figure 1A) on four field trips on warm (above 20°C) and sunny 
days between 13 September and 2 November 2010, in the morning and early afternoon. Only 
adults were scored. Butterfly identification was based on color patterns on the ventral hind-
wing surface, using the field guides by Migdoll (1992) and Claassens (2000), and the number 
of individuals encountered was recorded for each species. All butterflies were marked on the 
ventral surface of their hind-wings, using a permanent marker, to enable identification of 
individuals on recapture, thereby avoiding recounting the same individual and obtaining data 
on dispersal of adult butterflies. In order to avoid behavioral changes in response to the 
treatment (Kemp & Zalucki 1999), butterflies where chilled on an ice block for 3min before 
and 2min after the marking procedure. All butterflies were released at the site of their 
capture. The horizontal distance between recapture site and the site of first capture was 
calculated using a GPS Garmin Vista HCx GPS receiver (accuracy ±10m). 
The distribution of Aspalathus spp., the food plants of lycaenid butterflies in the genus 
Aloeides, within the study area was assessed. Plants were identified to genus using the key by 
Trinder-Smith (2003). Plant specimens were then matched to specimens deposited at the 
Bolus Herbarium (University of Cape Town) and identified to species using species 
monographs provided in Adamson & Salter (1950). 
For the pilot study on Lion's Head, ants were sampled along one 750m and one 350m 
transect, using 16 and eight pitfall traps, respectively, the opening being 20mm in diameter. 
The pitfall traps were set at 50m intervals, baited with sugar solution, and left open for two 
consecutive days from 14 to 16 October and from 17 to 19 October 2010. 
For the main study above Camps Bay, ants were sampled using pitfall traps that were made 











transects (Figure 1 A), which were selected to cover the heterogeneity of the study area. Each 
transect was set up along a 100 m long section of a footpath. Traps were set along two lines 
parallel to the path on both sides in 5 and 10m distance to the path. Along each of the lines, 
every 20m a pitfall trap was set. Thus the number of traps totaled 24 per transect. Transects 
were set up several hundred meters apart from each other, to minimize pseudoreplication. 
Location of the transect center was determined using GPS. 
Traps were closed with a lid immediately after they were set up and remained closed for at 
least 12 days to avoid a digging-in effect (Greenslade 1973). After this incubation period the 
lid was removed and the trap filled with 40ml ethylene glycol. On each sampling day four 
pitfalls of each transect were opened. Pitfalls then remained open for six consecutive days. 
The sampling period started on 20 November and ended on 01 December 2010. This was 
repeated at intervals until all traps in all transects had been sampled. 
Two environmental factors were investigated for each transect viz. closest distance between 
transects and the nearest watercourse as well as between transects and the nearest tarred road. 
These were measured using Google Earth v4.2 (Google Inc. 2007) and GPS location of the 
transect center. Distances were measured horizontally in meters and rounded to closest 
decade. Location of watercourses was verified by means of GPS data from field trips. 
Ants were washed and stored in 75% ethanol immediately after collection of the pitfall traps. 
Ants were then separated according to morphospecies, enumerated and, relying to large 
degree on the worker caste, identified to species level using keys by Holldobler & Wilson 
(1990), Bolton (1994) and Taylor (2010). For identification purposes, representatives of 
morphospecies from each transect were mounted on insect pins. Species identification was 
verified by comparison with type specimens from the Iziko South African Museum Cape 
Town. Voucher specimens of the present study will be deposited in the collection ofthe Iziko 
Museum. 
Data Analyses 
Abundance data are often misleading in community studies of social insects such as ants due 
to their aggregative nature (Longino 2000) and their coloniality. Therefore, in addition to 
abundance, occurrence was analyzed, which is defined as the number of traps per transect in 











than 40% of the traps were regarded as Invaded Transects, as this percentage is possibly 
related to the presence of nests within a transect. Transects for which at most 10% ofthe traps 
contained Li. humile were regarded as Non-Invaded Transects, as this percentage is possibly 
related to foraging trails and the absence of nests from a transect. 
Species richness was assessed for individual transects. Species accumulation curves were 
obtained using Primer v6.I.S (Clarke & Gorley 2006), performing 999 permutations of 
sample order. To assess sampling efficacy, observed species richness and species richness 
estimators were compared to each other by means of paired t-tests. 
Species estimators were calculated using EstimateS v8.2.0 (Colwell 2006). The Incidence-
based Coverage Estimator (ICE) (Lee & Chao 1994) and Chao 2 Richness Estimator (Chao 
2) (Chao 1987), both based on presence-absence data, were recommended by Chadzon et al. 
(1998). Although behaving similarly, Chao 2 is more sensitive to spatial patchiness. 
Exponential Shannon Diversity Index (exp(H')) and Simpson-Yule Index (D) in its inverse 
form were calculated using EstimateS (Colwell 2006). These two measures and the observed 
species richness (Sobs) are part of the same family of diversity indices and cover a continuum 
from high sensitivity to rare species (Sobs) over equal sensitivity to rare and abundant species 
(exp(H')) to high sensitivity to abundant species (D) (Jost 2007). 
Based on the whole ant species set excluding Li. humile, Invaded and Non-Invaded Transects 
were compared by the observed species richness, species richness estimators, biodiversity 
indices, abundance and occurrence by means of unpaired t-test or, if this was impossible, 
Mann-Whitney test. 
Further comparisons were made based on functional groups: Generalized Myrmicinae 
(Pheidole spp., Monomorium spp.), Opportunists (Lepisiota spp., Technomyrmex spp., 
Tetramorium spp.), and Subordinate Camponotini (Camponotus spp.) (Andersen 2010). Not 
all Monomorium species can be regarded as Generalized Myrmicinae (Andersen 2010) and 
the status of species found in this study was unknown. Therefore, analyses for Generalized 
Myrmicinae were performed I) including all Monomorium species and 2) excluding them. 
Based on functional group, observed species richness, abundance and occurrence were 
compared between Invaded and Non-Invaded Transects by means of unpaired t-test Of, if this 











Abundance and occurrence of Lepis. capensis and P. capensis, both important Lycaenidae-
associated ants (Claassens & Dickson 1980; Claassens 2000), was compared between 
Invaded and Non-Invaded Transects by means of unpaired t-test in GraphPad Prism v5.03 
(GraphPad Software 2010). 
For multivariate analyses of species composition of the transects, occurrence data for the 
various ant species, with transects as sites, were analyzed with Primer (Clarke & Gorley 
2006), using Bray-Curtis Similarity index (Ssc). The resemblance analysis was undertaken by 
means of Multi-Dimensional Scaling (MDS) with a minimum stress value of 0.01, and 
Cluster Analysis. For the latter, distances between clusters were calculated based on average 
similarity. For transect clusters identified, species discriminating the clusters were analyzed 
using the Similarity Percentages (SIMPER) module in Primer (Clarke & Gorley 2006). The 
proportional contribution of the species to the average Bray-Curtis dissimilarity between 
clusters was calculated (Clarke & Warwick 1994a). 
SSC of species assemblages was compared between Invaded and Non-Invaded Transects by 
using the Analysis of Similarities (ANOSIM) test for replicates from one-way layouts (Clarke 
& Warwick 1994b) in Primer (Clarke & Gorley 2006) to test for the null hypothesis of no 
differences between the groups. The R statistic was calculated as a measure of the degree of 
transect separation. The significance level was then calculated by re-computing the R statistic 
under permutation of the transect labels, using the maximal number of permutations possible, 
and referring the observed R value to the permutation distribution of the R value. 
Species co-occurrence within the transects was analyzed by testing for non-random patterns 
of co-occurrence, using the EcoSim package (Gotelli & Entsminger 2010) and presence-
absence data. For each transect the Checkerboard Score (C-Score) (Stone & Roberts 1990) 
was calculated. This index is a quantitative measure of Checkerboard Units found for each 
species pair, a Checkerboard Unit being the 2x2 submatrix of the form 01 110 or 10 I 01. The 
C-Score gives the average number of checkerboards for each species pair and is compared to 
a null model. If the observed C-Score (Cobs) is comparatively large, there is more segregation 
than expected, while a comparatively small C-Score indicates more aggregation in the co-
occurrence pattern than expected. 
Null-model distributions were constructed by means of randomization, using an algorithm in 











a low probability of Type I errors compared to a variety of random data matrices (Gotelli 
2000). For each transect, 5000 random matrices were created, for which the C-Score 
(Simulated C-Score, Csim) was calculated. The Standardized Effect Size (SES) (Gurevitch et 
al. 1992) was calculated by dividing the difference between Cobs and the mean of Csim by the 
standard deviation of the 5000 simulated indices. In order to test the null-hypothesis that SES 
did not differ from zero, a single sample t-test was used. Under the assumption of normally 
distributed deviations, about 95% of the SES values should fall between -2.0 and 2.0. SES 
was used to decide whether Cobs differed significantly (a=0.05) from the mean of Csim, that is, 
from randomness (Sanders et al. 2003). 
Finally, closest distance to a watercourse as well as to a tarred road, a measure of proximity 
to the urban fringe, were compared between transects with Li. humile and transects without 
this ant by means of unpaired t-test. All t-tests and Mann-Whitney tests were run using 
GraphPad Prism v5.03 (GraphPad Software 2010). Normality analysis by means of 
frequency-distribution histograms, Kolmogorov-Smirnov and D' Agostino-Pearson omnibus 












Lycaenidae and food plants 
In total, six myrmecophilous species of Lycaenidae were observed at the study site. Except 
for two individuals of AI. thyra thyra, all were males. The most abundant species were AI. 
thyra thyra (25 marked individuals), AI. pierus (21) and Tarucus thespis (six). Only one 
individual of AI. almeida, AI. aranda and Chrysoritis palmus was marked. Two individuals of 
AI. thyra thyra were recaptured once, both two days after marking, and the distance between 
the site of marking and the site of recapture ranged from 10m to 110m. Four individuals of 
AI. pierus were recaptured once, and the distances between site of marking and site of 
recapture were: 10m (2 days after marking); 20m (3 days after marking); 50m (2 days after 
marking); and 90m (5 days after marking). Aspalathus spp. found in the study area included 
As. chenopoda, As. cordata, As. ericifolia, As. lacrifolia, and As. sarcodes. Although being 
widely distributed across the study area, Aspalathus spp. were not found in Transect 7 and 
Transect 9, both characterized by the highest butterfly activity in the study area. 
Ant-Assemblage Composition 
The assessment of ant assemblages on the northwestern slopes of the Lion's Head revealed a 
total absence of Li. humile from this region. By far the most abundant ant species was Lepis. 
capensis. 
In the main study site above Camps Bay, transects retrieved 2792 indigenous individual ants 
of 33 species (Appendix 2). In addition, Li. humile was found in four transects, varying 
markedly in occurrence and being most frequent in Transect 4. In Transect 2 and 6 an 
occurrence of Li. humile of only one and two traps out of 24 traps per transect, respectively, 
were observed, as opposed to 11 and 18 traps collecting Li. humile in Transect 1 and 4, 
respectively. Similarly, one and three individuals of Li. humile were collected from Transect 
2 and 6, respectively, while 17 and 78 individuals were sampled in Transect 1 and 4, 
respective ly. 
Species accumulation curves for the transects reached asymptotes. The observed species 
richness for all transects (x=12.8, SD±3.0, N=10) differed significantly from the Incidence-











the Chao 2 Richness Estimator (Chao 2) (x=14.5, SD±4.2, N=10) (P=0.0044, paired t-test). 
Further, the ICE (x=16.0, SD±4.8, N=10) differed significantly from Chao 2 (x=14.5, 
SD±4.2, N=10) (P=0.0134, paired t-test). 
Comparison between Invaded and Non-Invaded Transects with regard to abundance, 
occurrence, observed species richness and species richness estimators yielded no significant 
differences at all (Table 1). Generalized Myrmicinae occurred in markedly lower individual 
numbers in Invaded Transects compared to Non-Invaded. For Subordinate Camponotini, 
markedly higher abundance and occurrence were observed in Invaded Transects compared to 
Non-Invaded. Lepis. capensis was sampled in markedly lower individual numbers and from 
fewer traps in Invaded Transects compared to Non-Invaded. 
Ant species diversity measured as Exponential Shannon Index (exp(H')) and Simpson-Yule 
Index (D) varied markedly between the transects (Figure 2). Invaded Transects ranked high in 
species diversity. However, Invaded Transects did not differ significantly in exp(H') 
(x =10.5, SD±0.6, N=2) compared to Non-Invaded (x =7.9, SD±2.6, N=8) (P=0.2155, 
unpaired t-test). Invaded Transects also did not differ significantly in D (x=10.0, SD±1.6, 
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Table 1. Comparison of ant assemblages in Invaded and Non-Invaded Transects. The whole 
species set, functional groups, and two important Lycaenidae-associated ant species 
were analyzed. 
Invaded Transects (N=2) Non·lnvaded Transects (N=8) 
Mean±SD Mean±SD p test 
All Species 
Abundance 247.5 ±102.5 287.1 ±112.5 0.6645 
Sobs 13.5 ± 0.7 12.6 ± 3.4 0.7390 
ICE 14.6 ± 1.3 16.3 ± 5.4 0.6858 
Chao 2 14.5 ± 1.4 14.5 ± 4.8 0.9943 
Occurrence 24.0 ± 0.0 22.4 ± 1.4 0.2021 M 
Generalized Myrmicinae (excl. Monomorium spp.) 
Abundance 65.0 ±31.1 118.4 ±54.4 0.2310 
Sobs 1.5 ± 0.7 1.5 ± 0.8 1.0000 
Occurrence 14.0 ± 0.0 18.1 ± 4.2 0.3578 M 
Generalized Myrmicinae (incl. Monomorium spp.) 
Abundance 77.0 ±25.5 123.8 ±55.3 0.2930 
Sobs 3.0 ± 1.4 3.1 ± 1.4 0.9105 
Occurrence 16.5 ± 0.7 19.0 ± 3.3 0.3304 
Opportunists 
Abundance 99.0 ±58.0 114.3 ±80.7 0.8113 
Sobs 5.5 ± 2.1 3.9 ± 1.5 0.2231 
Occurrence 18.0 ± 5.7 17.4 ± 3.9 0.8537 
Subordinate Camponotini 
Abundance 16.0 ± 12.7 7.6 ± 9.1 0.3039 
Sobs 2.5 ± 0.7 2.6 ± 1.7 0.9235 
Occurrence 9.0 ± 5.7 4.6 ± 3.9 0.2162 
Lepisiota capensis 
Abundance 18.0 ±14.1 74.5 ±77.0 0.3511 
Occurrence 6.5 ± 2.1 11.4 ± 6.9 0.3708 
Pheidole capensis 
Abundance 45.5 ±58.7 53.5 ±62.6 0.8746 
Occurrence 9.0 ± 7.1 8.8 ± 9.4 0.9733 
Abundance: number of individuals 
Sob,: observed species richness 
ICE: Incidence·Based Coverage Estimator 
Chao 2: Chao 2 Richness Estimator 
Occurrence: number oftraps containing relevant species 
t: unpaired t-test 











Resemblance of Ant Communities 
Analysis of ant community composition by transect usmg Bray-Curtis similarity (SBC) 
resulted in the identification of three groups and two separated transects at a resemblance 
level of 48% (Figure 3). P. megacephala and Lepis. capensis contributed the most (36.9% 
and 21.7%, respectively) to transect resemblance within the cluster of Transect 1, 5 and 9. P. 
capensis and Lepis. capensis contributed the most (49.0% and 39.1%, respectively) to 
transect resemblance within the cluster of Transect 3, 6 and 7, whilst transect resemblance 
within the cluster of Transect 8 and 10 was contributed to most by P. megacephala (37.5%), 
Tel. capense (18.8%) and Rhoplromyrmex sp. 1 (15.6%). Transect 2 and 4 group together at a 
similarity level of 42.3%. To transect resemblance within this cluster, the most was 
contributed by Tel. sericeivenlre (31.8%), Tel. regulare (15.9%) and P. capensis (15.9%). 
Transects did not group together according to presence of or invasion by Li. humile. With 
regard to Bray-Curtis similarity, the null hypothesis of no assemblage differences between 
Invaded and Non-Invaded Transects could not be rejected at the 5%-significance level 
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Dendrogram (A) and Non-Metric Multidimensional-Scaling (MDS) plot (B) of the 
transects (1-10) resulting from resemblance analysis using Bray-Curtis similarity. 
Continuous line: Grouping based on Bray-Curtis similarity of 40. Dashed line: 
Grouping based on Bray-Curtis similarity of 48. A stress value of 0.06 was associated 











The calculation of the Checkerboard Score (C-Score) revealed co-occurrence patterns that did 
not differ significantly from randomized null models for all transects, except for Transect 8 
(Table 2). The observed C-score (Cobs) in Transect 8 was significantly larger than the C-Score 
simulated by the null model (Csim). Cobs was greater than Csim for Transects 1, 3, 4, 9 and 10, 
but not significantly so. Cobs was smaller than Csim for Transects 2, 5, 6, and 7, but again the 
difference was not significant. The 5%-significance level was nearly reached in Transect 1. 
Table 2. Analysis of patterns in co-occurrence of species. The Checkerboard Score (C-Score) 
observed in the transects was compared to a C-Score simulated for randomized 
matrices. 
Li. humile Csim 
occurrence (traps 
Transect per transect) CobS Mean Variance P (Cob,SCe,p) p (Cob,;;'Ce,p) SES 
11 13.43590 13.00614 0.05269 0.9570 0.0464 1.87220 
2 8.34066 8.47024 0.07317 0.3494 0.6678 -0.47902 
3 4.53333 4.31613 0.14926 0.7870 0.2274 0.56221 
4 18 9.20879 9.21955 0.06847 0.5374 0.4810 -0.41110 
5 6.16176 6.25743 0.03857 0.3492 0.6670 -0.48711 
6 2 3.94872 4.26544 0.07528 0.1068 0.9052 -1.15434 
7 6.57143 6.86635 0.39279 0.3976 0.6420 -0.47058 
8 9.74545 8.73157 0.08380 0.9952 0.0048 3.50239' 
9 4.83333 4.65250 0.02809 0.8682 0.1482 1.07902 
10 5.40441 5.37617 0.02529 0.6052 0.4082 0.17760 
'significantly different from null model 
CObS: observed Checkerboard Score 
Csim: simulated Checkerboard Score 
Cexp: expected Checkerboard Score = Mean of C .. m 
SES: Standardized Effect Size 
Environmental Factors 
Transects varied markedly in distance to tarred road and distance to nearest watercourse 
(Figure 4). Transect 2 and 6 were situated closest to a watercourse, while Transect 4 was 
closest to a tarred road. Transect 1 was the second-furthest from a watercourse, but relatively 
close to a tarred road. With regard to distance to a watercourse no significant differences 
were found between transects with Li. humile (x=162.5m, SD±132.8m, N=4) and transects 
without this ant (x=276.7m, SD±86.9m, N=6) (P=O.l353, unpaired t-test). Transects with Li. 











N=4) compared to transects free of Li. humile (x=386.7m, SD±166.5, N=6) (P=O.0886, 
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Environmental factors recorded for the transects (1-10). (+) Transects with 











Status of Li. humile in the study area 
Overall, the study area seems to be only weakly invaded by Li. humile. The ant species 
appears to be patchily distributed in the study area, being present in only four out of 10 
transects. Patchy distributions of Li. humile have been observed in previous studies (Ward 
1987). On the other hand, the probability of detection of Li. humile using unbaited pitfall 
traps was relatively low for a sampling period of one week (P=0.48) compared to longer 
sampling periods (Stanley et al. 2008). Thus, in the present study presence of Li. humile is 
likely to be underestimated. The relatively low occurrence of Li. humile in the study area is 
further in accordance with earlier observations that Ii. humile seems to avoid pristine Fynbos 
(Pryke & Samways 2010). In terms of occurrence, Li. humile was identified as the dominant 
ant species only in one transect. The very low occurrences of Li. humile in two other transects 
might relate to small satellite colonies that are not established (Human & Gordon 1996). 
As the present study provides only a snapshot in time, the invasion dynamics of Li. humile in 
the longer term remain obscure. Bolger (2007) observed great annual fluctuations in 
abundance of Li. humile close to the urban fringe. Moreover, the distribution of Li. humile 
colonies undergoes seasonal changes. In northern California, where climatic conditions are 
similar to the Western Cape, the colony network of Li. humile expands during spring and 
summer and contracts during autumn and winter (Heller & Gordon 2006). Correspondingly, 
the distribution undergoes expansion in summer and contraction in winter (Sanders et al. 
2001; Heller et al. 2006). Likewise, Li. humile appears to enter homes in search of a favorable 
environment under cool and wet conditions (Gordon et al. 2001). Thus, it appears that ant 
sampling for the present study occurred at a time when Li. humile distribution in the study 
area may not have been at its maximum. The invasion front of Li. humile spreads at a typical 
rate of 100m per year (Erickson 1971; Holway 1995), with occasional jump dispersal over 
much longer distances (Holway 1995), while the spread of Li. humile from established 
colonies behind the invasion front occurs at expected rates of 66m per year (Heller et al. 
2006). Even under the conservative assumption that Li. humile distribution within the study 
area was still at its maximal seasonal contraction, transects without observed presence of Li. 
humile are probably not affected by Li. humile immigration in the course of seasonal 











The study area is adjacent to the urban fringe of Camps Bay. Linepithema humile is known to 
invade fragments of natural habitat from the urban fringe (Suarez et al. 1998), and the same is 
true for large areas of natural habitat (Bolger 2007). Linepithema humile invasion of coastal 
sage scrub in southern California is restricted to distances of about 200m in habitat fragments 
(Suarez et al. 1998) and rarely proceeds further than 250m from the urban edge in large areas 
of natural habitat (Bolger 2007). Accepting proximity to the nearest tarred road as a measure 
of proximity to the urban fringe, the presence of Li. humile could be detected as far as 330m 
from the urban fringe. The Invaded Transects are situated at distances to the urban fringe that 
compare well with the observations of Suarez et al. (1998) and Bolger (2007). Moreover, Li. 
humile is spreading into fire breaks within fynbos vegetation (De Kock 1983). The firebreaks 
separating Camps Bay from the natural Fynbos vegetation might be attributed to the urban 
area, in which case distances of transects with Li. humile to the urban fringe would become 
markedly smaller. The latter would also be the case if distance to the closest building, which 
has been suggested as best predictor for the occurrence of Li. humile (Human et al. 1998), 
was used as a measure of distance to the urban fringe. Finally, the virtual absence of nearby 
buildings on Lion's Head could explain the complete absence of Li. humile from this pilot-
study area. 
Water availability seems to be an important factor determining invasibility of natural habitat 
with regard to Li. humile and could also explain the absence of this ant from the sampled area 
on Lion's Head. Areas of high humidity are preferred by Li. humile (Walters & Mackay 
2003a; Heller & Gordon 2006), and annual fluctuation in abundance of Li. humile near the 
urban fringe was positively related to annual rainfall (Bolger 2007). The Western Cape has 
very low summer rainfall, which might be the limiting factor for the spread of Li. humile into 
natural vegetation lacking a permanent water source. 
Urban water runoff, though not a prerequisite for the invasion of Li. humile into natural 
habitat (Bolger 2007), has been considered important in determining habitat invasibility to Li. 
humile (Suarez et al. 1998). Habitat fragments downslope from urban areas were 
characterized by a higher abundance of Li. humile than upslope habitat fragments (Holway et 
al. 2002b). The study area is situated upslope from the Camps Bay residential area, and the 
lack of urban runoff could be a reason for their low occurrence in the study area. 
Soil-type heterogeneity could be a factor determining distribution of Li. humile in the study 











with soils retaining more moisture supporting greater spatial penetration and higher 
abundances of Li. humile than well-drained soils (Bolger 2007). In laboratory experiments, 
survival of Li. humile workers was depressed at low levels of soil moisture (Holway et al. 
2002b). In field experiments, abundance of Li. humile increased locally under drip irrigation, 
increased plant growth only partly explaining the increase (Menke & Holway 2006). 
However, soil analysis was out of the scope ofthis study. 
In coastal sage scrub of southern California Li. humile is largely confined to areas with 
permanent water availability (Ward 1987). The ant reaches highest abundance within moist 
riparian corridors while its abundance decreases sharply with increasing distance to the 
corridors (Holway 2005). On the other hand, distance to surface water appeared less 
important in determining the spread of invasion by Li. humile than proximity to disturbed 
areas (Human et al. 1998). The present study did not find significant difference in mean 
distance to the nearest watercourse between Invaded and Non-Invaded Transects. Seasonally 
intermittent watercourses in southern Californian sage scrub are generally not invaded by Li. 
humile (Ward 1987), and the non-perennial watercourses in the study area do not seem to be 
of primary importance for the invasibility of the area. 
In addition to water availability and urban areas, invasibility to Li. humile is further 
determined by temperature limitations (Silverman & Brightwell 2008). Li. humile individuals 
do not survive temperatures of above 46°C for longer than one hour (Holway et al. 2002b). 
Further, workers of Li. humile showed maximal abundance at baits at 34.0°C and stopped 
foraging at 41.6°C (Holway et al. 2002b). As there are no temperature data available for the 
study area, the role of temperature in determining the distribution of Li. humile in the study 
area could not be assessed. Nonetheless, both temperature and humidity might help explain 
the low occurrence of Li. humile in the study site. Fynbos on the western and northern slopes 
of Table Mountain is drier and hotter compared to the southern and eastern slopes (Pryke & 
Sam ways 2010). 
Lastly, the extent of roads is another variable explaining the successful establishment of 
introduced species (Borges et al. 2006). In South African fynbos, presence of Li. humile is 
typically dependent on vehicular access to the area in general, and connection of the area to 
tarred roads in particular (De Kock & Giliomee 1989). The distance of Invaded Transects to 
the nearest tarred road was not significantly shorter compared to Non-Invaded Transects, thus 











invasion in the study area. It should be noted that the study area is in great parts accessible to 
vehicles, but this access is restricted to official authorities. However, even this restricted 
vehicular access, although not to the same extent as gravel- or tarred roads open to the public, 
is a factor determining a habitat's susceptibility to invasion through Li. humile (De Kock & 
Giliomee 1989), and could confound the results for the proximity of transects to tarred roads 
obtained in the present study. 
Impact of Li. humile on native ant species assemblages 
The invading Li. humile displaces native epigeic ants (Skaife 1962; Ward 1987; Carpintero et 
al. 2004; Rowles & O'Dowd 2009a). However, in the present study observed species richness 
and richness estimators were not significantly lower in Invaded Transects compared to Non-
Invaded. Moreover, there was a considerable variation in observed and estimated species 
richness among Non-Invaded Transects. This indicates that factors other than invasion by Li. 
humile play an important role in determining species richness in the study area. 
Unexpectedly, ant communities of Invaded Transects were not different to those of Non-
Invaded Transects. Linepithema humile appears not to have impacted on the ant species 
observed in the study area to a great extent. Lepisiota capensis did not have significantly 
lower abundances and occurrences in Invaded Transects compared to Non-Invaded. The 
abundances of Li. humile might probably be not high enough to change the native ant 
community composition of Invaded Transects. Furthermore, native ant species can 
temporarily persist at the invasion front of Li. humile (Human & Gordon 1996), and the study 
area above Camps Bay might coincide with the invasion front of Li. humile. 
A considerable degree of variation was observed with respect to diversity indices among 
Transects, and there were no significant differences between the two diversity indices for 
Invaded and Non-Invaded Transects. Also, transects with Li. humile did not differ 
significantly in species diversity from transects without this ant. Thus, Li. humile presence 
does not seem to be important for species diversity of ant communities in the study area. In 
contrast, other studies have found that ant species diversity in montane Fynbos is lower under 
presence of Li. humile than in absence of the ant (Donnelly & Giliomee 1985), while ~­
diversity in particular has been reported to be reduced in areas invaded by Li. humile (Holway 











The functional-group approach based on responses to environmental stress and disturbance 
on a global scale, though not designed for the analysis of local-scale community dynamics, 
offers a useful framework for studies concerning the broad structure of particular 
communities (Andersen 2010). No significant difference was found with regard to density of 
Generalized Myrmiciniae in Invaded Transects compared to Non-Invaded, as indicated by 
corresponding individual numbers. The assessment of density based on individual numbers 
from pitfall traps has been criticized (Veile 1991). Using individual numbers in community 
studies of social insects is often misleading due to their aggregative nature (Longino 2000) 
and coloniality. Social behavior such as mass recruitment by trapped individuals likely bias 
density assessment based on abundance of individuals (Seifert 1990). However, results for 
occurrence are in accordance with the findings based on individual numbers. 
Ant species in this functional group have a relatively broad distribution with regard to 
environmental stress compared to the Dominant Dolichoderinae (Andersen 1995), to which 
Li. humile belongs (Andersen 2010). Thus, Non-Invaded Transects might be characterized by 
a stress or disturbance regime that prevents Li. humile from establishing but is suitable for 
Pheidole and Monomorium spp. Despite larger foraging ranges and colony sizes as well as 
higher levels of individual activity and aggression (Andersen 1995, 2010), Li. humile, due to 
its low abundance, might not be able to depress occurrences of Generalized Myrmicinae 
within Invaded Transects. 
No significant differences in abundance and occurrence between Invaded and Non-Invaded 
Transects were found for P. capensi , which is in contrast to previous findings. A markedly 
reduced abundance of P. capensis in Fynbos areas invaded by Li. humile compared to non-
invaded areas was observed by Donnelly & Giliomee (1985), probably accompanied by a 
corresponding occurrence. Another study indicated the absence of P. capensis from Fynbos 
areas invaded by Li. humile (Bond & Slingsby 1984), while the present study recorded the 
presence of P. capensis in all transects with Li. humile presence. However, the previous work 
drew conclusions about species distributions based on surveys at baits (Bond & Slingsby 
1984), which are useful in assessing the distribution of Li. humile, but are not sufficient for 
the assessment of native ant species (Casellas et al. 2009). 
The coexistence of P. megacephala with Li. humile in the study area is in accordance with 
previous observations that Li. humile does not displace P. megacephala (Erickson 1971). 











(Haskins & Haskins 1988), cannot be confirmed by the present data, although there are four 
transects not invaded by Li. humile with relatively high occurrence of P. megacephala. 
By definition Opportunists occur typically at sites under stress or disturbance where they can 
escape competition from other ant species (Andersen 1995). There was no marked difference 
in observed species richness, occurrence, and abundance of Opportunists between Invaded 
and Non-Invaded Transects. In particular, abundance and occurrence of Lepis. capensis did 
not differ significantly between Invaded and Non-Invaded Transects. This species was not 
observed to coexist with Li. humile in the Fynbos (Slingsby 1982; Donnelly & Giliomee 
1985). Occurrence of Li. humile in invaded sites within the study area might be low enough 
to allow for the coexistence with Opportunists. Cryptic nature and low abundance of some 
indigenous ants were suggested as potentially explaining their coexistence with Li. humile 
(De Kock 1990). 
Occurrence and abundance of Camponotus species, which are the only representatives of the 
Subordinate Camponotini in the study area, do not appear to be significantly different in 
Invaded Transects compared to Non-Invaded. This seems to contradict earlier findings that 
abundance of Camponotus species is markedly reduced in Fynbos sites invaded by Li. humile 
compared to non-invaded sites (Donnelly & Giliomee 1985). However, Subordinate 
Camponotini often coexist with Dominant Dolichoderinae (Andersen & Patel 1994). 
Submissive behavior and, in most species, nocturnal foraging of Camponotus spp. are 
apparent reasons for their successful coexistence with the Dominant Dolichoderinae 
(Andersen & Patel 1994). 
The ability of Meranoplus peringueyi to coexist with Li. humile (De Kock 1990) seems to be 
in congruence with the present study. No Anoplolepis species were found in the study site. 
Anoplolepis custodiens, one of the dominant ant species in the Fynbos (De Kock 1990), is 
usually displaced by Li. humile (Slingsby 1982; Donnelly & Giliomee 1985; De Kock 1990). 
The complete absence of the former from the study area could indicate a more widespread 
impact of Li. humile on ant communities than is obvious from the short observation of this 
study. 
Only for the Non-Invaded Transect 8 was a co-occurrence pattern observed that significantly 
differed from randomness. An observed C-Score greater than the simulated indicates that 











assemblage in this transect seems to be dominated by avoidance between species. As 
expected, all Invaded Transects appear to have a random pattern of species co-occurrence. 
Ant communities invaded by Li. humile undergo a rapid change in co-occurrence pattern, 
from segregated to random or weakly aggregated species co-occurrences (Sanders et al. 
2003). In contrast to these findings, all the Non-Invaded Transects, except for Transect 8, do 
not show indications of species segregation. Moreover, the co-occurrence pattern in Invaded 
Transect 1, which is almost deviating at a significant level from randomness, indicates a weak 
segregation rather than aggregation of species. However, as co-occurrence data prior to the 
introduction of Li. humile are unknown, the observed co-occurrence pattern cannot be 
attributed to the invasion. 
The C-Score method based on presence-absence data has been criticized for being too 
conservative, as differences in abundance at shared sites are not accounted for (Bltithgen & 
Stork 2007). However, as discussed above, incidence may be preferred over abundance in 
studies on social insects. Random co-occurence patterns in Non-Invaded Transects might 
indicate the temporal penetration of these transects by Li. humile under more favorable 
conditions, e.g. during wetter seasons or years. This is further indicated by the fact that the 
only transect with non-random co-occurrence pattern is situated furthest from the urban edge, 
from where Li. humile invasions usually spread (Suarez et al. 1998; Bolger 2007). 
Impact of Li. humile on ant-butterfly associations 
Myrmecophilous species of Lycaenidae recorded from the study area, their ant associations 
as well as flight periods are listed in Appendix 1. Thestor yildizae, which has been recorded 
to occur on the Twelve Apostles, was not recorded because the sampling period did not 
overlap with the flight period of this butterfly species (Claassens & Dickson 1980). However, 
it is questionable whether Th. yildizae is breeding in the study area, as the obligatorily 
associated ant Ano. custodiens seems to be absent from the study area. 
Chrysoritis palmus palmus, which was not recorded to occur in the region around the study 
area and which was encountered only once, is probably not breeding in the study area as the 
ant genus Crematogaster, with which Ch. palmus palmus is obligatorily associated 
(Claassens 2000), appears to be absent from the study area. The absence of Crematogaster 
spp. from the study area could not only help explain the low abundance of Ch. palmus 











observed absence of Crematogaster spp. could be explained by the arboreal life style of these 
ants. Donnelly & Giliomee (1985) found no Crematogaster spp. in their pitfalls, although 
these ant species were known from the sampling area. 
The fairly high numbers of AI. thyra and AI. pierus are congruent with the high occurrence of 
their obligatorily associated ant species, Lepis. capensis. Not only are these butterfly species 
dependent on Lepis. capensis to complete their life cycle, but the nutritive secretions from the 
honey glands of lepidopteran larvae most likely benefit the colonies of their associated ant 
species (Fiedler & Saam 1995). The apparent absence of Anthene definita definita and the 
low encounter rate of AI. aranda can neither be explained by their flight period nor by means 
of their associated ants, which occur quite often in the study area. These findings emphasize 
that the presence of strongly associated ant species are a prerequisite for the occurrence of 
myrmecophilous Lycaenidae, but only one among several factors, such as larval food plants, 
underlying the distribution of these butterflies. The relatively low occurrence of Camponotus 
species in the study area could contribute to the apparent absence of Lepidochrysops species. 
However, there is no information about frequencies of associated ants in areas occupied by 
Lepidochrysops species. In any event, different species would be expected to have different 
abundances for a host of other reasons. 
The study shows that for AI. pierus and AI. thyra thyra, and probably for other 
myrmecophilous Lycaenidae, scoring of imagines alone is insufficient for assessing the 
impact of Li. humile invasion on associations between native ants and Lycaenidae. Male AI. 
pierus and AI. thyra thyra imagines, which accounted for the majority of butterflies observed 
in this study, showed territorial behavior and were remarkably sedentary, confirming earlier 
observations (Dickson & Kroon 1978). However, because of the lack of Aspalathus spp., 
which contain the larval food plants of AI. thyra thyra and AI. pierus (Dickson 1953; 
Claassens 2000), in transects with the highest abundance of these butterflies, males must have 
migrated from the site of larval development to their territories where they were observed. 
Thus, while indications about impacts can be gained by analyzing host ant density, scoring of 
butterfly larvae appears to be necessary to assess direct impacts of Li. humile on associations 












From the findings of the present study it seems that Linepithema humile has only minor 
effects on the native ant community of the slopes of Table Mountain above Camps Bay, with 
little consequences for ecosystem processes in the area. This is an interesting finding for an 
area adjacent to the urban fringe, given that much greater impacts have been observed at 
natural Fynbos sites much less affected by urbanization, such as the Kogelberg area (Bond & 
Slingsby 1984) and Jonkershoek valley (Donnelly & Giliomee 1985). While the interplay of 
the abiotic environment and native biota shapes the invasibility of habitats (Holway 1998; 
Menke et al. 2007), the role of disturbance regimes in governing invasion processes has been 
stressed by Kruger et al. (1989). 
The present results suggest that, at least in terms of L. humile invasion, edges can contribute 
to overall conservational value of protected areas to a similar degree as do core areas. This 
could raise optimism, because on the Cape Peninsula the edges of protected areas often 
contain patches of low-lying habitat types that are generally under-represented in nature 
reserves (Holmes et al. 2008), and edge effects are generally thought to reduce the 
conservational value of peripheral protected areas (Yahner 1988; Donovan et al. 1997). 
However, the study provides only a snapshot in time. Impacts of L. humile might be more 
severe in other seasons (Heller & Gordon 2006) and subject to inter-annual variation 
(Sanders et al. 2001), and the short period of observation underlying this study might result in 
underestimation of longer-term effects of the invasion. To the knowledge of the author, 
despite a long history of L. humile research in South Africa (Skaife 1961, 1962), there are no 
studies using fine-scale sampling to observe patterns of invasion into the Fynbos over several 
years. A high level of myrmecochory and a great diversity in plants depending on it (Bond & 
Breytenbach 1985; Bond et al. 1990), as well as a high degree of invertebrate endemism 
(Picker & Samways 1996) would clearly justifY investment in the acquisition of this 
knowledge, which would help in evaluating the status of protected areas on the Cape 
Peninsula with regard to conservation of fundamental ecosystem processes, and in developing 
management strategies against the further spread of L. humile. 
The apparent dispersal of Aloeides spp. after completion of their juvenile stages of 
ontogenesis, which was observed at the study site and is probably similar to the behavior of 
other myrmecophilous Lycaenidae, discounts the use of imagines for assessing habitat 











local level. Further studies in this direction should consider counts of larvae, although this is 
much more time-consuming than scoring adult butterflies and probably limits the scope of the 
study to a few species of interest. Moreover, the apparent lack of empirical knowledge about 
dispersal in the South African Lycaenidae has to be addressed by conservation biologists in 
the near future. Mark-recapture techniques should be used to investigate dispersal and meta-
population structure in the Lycaenidae of conservational concern across the Cape Peninsula, 
and ultimately to assess their ability to persist within a disintegrating network of primarily 
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Appendix 1. Lycaenidae occurring on the Cape Peninsula 





A thyra thyra' 




C. pafernon paJaman 
Capys alphaeus 
Chrysoritis chrysaor 
C. felthami relthami 
C. nigricans nigricans 
C. palmus palmus) 
C. pyroeis pyroeis 
C. thysbe thysbe 
C. zeuxo4 
C. zonarius 
Eicochrysops messapus messapus 
Table Mountain RangeC 
Twelve ApostlesC obligateD 
not recorded from study area 
Table Mountain RangeA 




Table Mountain RangeA 





not recorded from study areaobligateD 
not recorded from study areaobligateD 
not recorded from study areaobligateD 
not recorded from study areaobligate D 
not recorded from study areaobligateD 
not recorded from study areaobligateD 
Table Mountain Range" obligateD 
not recorded from study areaobligateD 
Table Mountain RangeA 
Lampides boeticus4 Table Mountain Range" facultativeD 
Lepidochrysops rnethymna methymna4 Table Mountain Range" 
L. oreas 0188S4 Table Mountain RangeA 
L robertsoni 4 Table Mountain Range" 













Phasis thero thero not recorded from study area 
T arucus thesp;s3 
Thestor protumnus protumnus 
T. yildizae 
Trimenia ma/agrida malagrida 
Zizeeria knysna 
Cape Peninsula MountainsC facultativeD 
not recorded from study area 
Twelve Apostles" obligateD 
not recorded from study areaobligateD 
Cape Peninsulac 
1 Only locations including study site are given 
2 Only associations with documented ant species are given 







Unepithema humile A 
Crematogaster liengmei D 
Crematogaster peringueyi ° 
Crematogaster sp. A 
Crematogaster pennguey/A 
Crematogaster liengmei D 
Myrmicaria nigra 0 
Crematogaster peringueyi ° 
Crematogaster liengmei ° 
Crematogaster spp. C 
Crematogaster peringueyi D 
Lepisiota capensisc 
Linepithema humile (?) F 
Campo notus macufatusG 
Camponotus macuJatusD 
































Crematogaster sppC VIII-Iv" 
Lfnepithema humile (1 record) E I _ XII C 
Anoplo/epis custodiensC 
AnoploJepis custodiens A 
Anoplofepis custodiensc 
IX_XIIC 
late XI- IIA 
II_IVC 
I_Xllc 

















References: A (Claassens & Dickson 1980), B (Claassens 1976), c (Claassens 2000), 0 (Heath & Claassens 2003), E (Dickson 1944), F (Clark & Dickson 1971), 











Appendix 2. Ant species observed and their abundance within transects. 
Species Transect 
2 3 4 5 6 7 8 9 10 
Subfamily Dolichoderinae 
Unepithema humile 17 78 3 
Technomyrmex pal/ipes 1 12 
Subfamily Formicinae 
Camponotus bertolonii 1 
C. maculatus group sp. 3 2 2 2 
C. maculatus group sp. 2 5 5 
C. maculatus group sp. 3 6 4 2 
C. maculatus group sp. 4 2 
C. niveosetosus 2 8 12 
C. rufoglaucus group sp. 3 16 9 
Lepisiota capensis 28 51 8 143 213 123 4 45 17 
Lepisiota sp. 1 176 4 1 
Plagiolepis sp. 1 (nr deweti) 6 2 
Subfamily Myrmicinae 
Meranoplus peringueyi 15 12 5 13 21 2 
Messor capensis 2 
Monomorium boerorum 13 
M. excensurae 3 
M. fastidium 9 3 4 
M. patemum 1 
M. rhopalocerum 2 4 6 
Monomorium sp. 1 8 2 
M. tablense 7 2 
Ocymyrmex barbiger 3 15 47 38 25 3 9 
Pheidole capensis 4 63 81 87 3 123 157 
P. megacephala 39 89 158 34 180 57 
Pheidole. sp. 1 
Rhoptromyrmex sp. 94 82 
Solenopsis punctaticeps 33 1 2 2 
Tetramorium capense 5 6 3 9 2 12 5 10 
T. erectum 
T. regulare 13 3 13 4 
T. sericeiventre 24 30 102 15 5 3 3 
T. simillimum group sp. 11 
Subfamily Ponerinae 
Hypoponera sp. 1 
Pachycondyla pumicosa 5 
Total 192 426 151 398 423 389 290 173 256 193 
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